High frequency protocorm-like body (PLB) production from hybrid Cymbidium Twilight Moon 'Day Light' has been developed through a new medium, Teixeira Cymbidium (TC) medium. Two new TC media containing variable amounts of macroand micronutrients and other additives, inspired by Winarto and Teixeira (WT) medium for Anthurium and Murashige and Skoog (MS) basal medium were used to induce PLBs and callus. Control medium was research-and industry-standard Vacin and Went (VW) medium. The first TC medium, TC PLB , could induce significantly more PLBs than on VW while high levels of macronutrients in the second TC medium, TC CALLUS , and MS were required to induce callus. All PLB induction media contained 0.1 mg/l α-naphthaleneacetic acid (NAA) and 0.1 mg/l kinetin (KIN), 2 g/l tryptone and 20 g/l sucrose, and solidified with 8 g/l Bacto agar while callusinduction media were identical, except that KIN was substituted by thidiazuron (TDZ). Basal medium had a significant effect on PLB and callus formation. This protocol could be used to induce PLBs and callus from other Cymbidium species or cultivars.
INTRODUCT ION
Plant tissue culture and its ability to regenerate and propagate plants in vitro are primarily dependent on the culture medium. Culture medium is a source of inorganic nutrients (micro-and macro-elements, etc.) and organic compounds (e.g., vitamins, etc.), and in most cases requires a carbohydrate (most often sucrose) to replace the carbon which the plant normally fixes from the atmosphere by photosynthesis. Photoautotrophic micropropagation provides carbon dioxide (CO 2 ) to substitute other carbon sources (Kozai et al., 2005) . Plants often require trace amounts of organic compounds such as vitamins, and plant growth regulators, or PGRs, to stimulate organogenesis while the extent and quality of that response depends on the levels supplied, although this tends to be genotypedependent (George et al., 2007; Niedz and Evens, 2007) .
In the history of plant tissue culture, the formulae of several basal media is often based on the names of the scientists who have explored and developed them, including, for example, Murashige and Skoog (MS, 1962) , Vacin and Went (VW, Vacin and Went, 1949 ), Gamborg's (Gamborg et al., 1968 ) and White's (White, 1943) , which have been successfully established for the tissue culture of various plants and explants, and research objectives, and usually the best way to search for an ideal medium is to test already established media. In a previous study on Cymbidium micropropagation, Teixeira da Silva et al. (2005) tested 14 media formulations and found four patterns of development associated with the medium type: group 1 media tended to enhance callus and PLB formation; group 2 media promoted PLB formation with very little callus; group 3 media promoted good callus formation but very few PLBs); group 1 media produced a small amount of both callus and PLBs. Translated, for hybrid Cymbidium PLB formation, a high nutrient medium base such as MS contains minerals at high concentrations, developed originally for tobacco which can withstand strong levels of nutrients in vitro, and a weaker nutrient medium is required, ideally VW. Ironically, Wimber in 1963 and Morel in 1964 , in their pioneering work, were the first ever to tissue culture Cymbidium, using MS medium. Indeed this was the first orchid to ever be tissue cultured.
The discovery of an appropriate basal medium is an important way to address the development of plants in vitro, e.g. Winarto-Teixeira (WT) medium developed by Winarto et al. (2011) for Anthurium.
This study concentrated on formulating new basal media suitable for inducing PLBs and callus for hybrid Cymbidium.
MATERIAL AND METHODS

Chemicals and reagents
All PGRs were purchased from Sigma-Aldrich (St. Louis, USA) and were of tissue culture grade. All other chemicals and reagents were of the highest analytical grade available and were purchased from either Wako (Japan) or Nacalai Tesque (Japan), unless specified otherwise.
Plant material and culture conditions
PLBs of hybrid Cymbidium Twilight Moon 'Day Light' (Bio-U, Japan) originally developed spontaneously from shoot-tip culture on Vacin and Went (VW, 1949) agar medium without PGRs, were induced and subcultured (PLB induction and proliferation medium or VW PLB ) every two months on modified VW supplemented with 0.1 mg/l α-naphthaleneacetic acid (NAA) and 0.1 mg/l kinetin (KIN), 2 g/l tryptone and 20 g/l sucrose, and solidified with 8 g/l Bacto agar (Difco Labs., USA) (Teixeira da Silva et al., 2005) . Callus induction and proliferation medium (VW CALLUS ) was similar to VW PLB , except that thidiazuron (TDZ) was used instead of KIN (Teixeira da Silva and Tanaka, 2006) . All media were adjusted to pH 5.3 with 1 N NaOH or HCL prior to autoclaving at 100 KPa for 17 min. Cultures were kept on 40 ml medium in 100 ml Two new PLB-induction media, Teixeira Cymbidium (TC) medium, TC-1 and TC-2, inspired by but different to Winarto-Teixeira (WT) medium for Anthurium (Winarto et al., 2011) , were tested against the industry standards, VW and half-strength MS (Tab. 1). In all of these media, PGRs, sucrose and growth conditions were identical to VW PLB . The exact same four media indicated in Table 1 were then tested for callus induction, with all conditions identical for VW PLB , except that KIN was substituted by TDZ (VW CALLUS ; Teixeira da Silva and Tanaka, 2006) .
Morphogenic analyses
The number of PLBs formed per PLB segment as well the percentage of PLB segments that formed callus were measured. All measurements were made after 45 days in culture.
Statistical analyses
Experiments were organized according to a randomized complete block design (RCBD) with three blocks of 10 replicates per treatment (i.e., each medium). All experiments were repeated in triplicate (n = 30, total sample number per treatment). Data was subjected to analysis of variance (ANOVA) with mean separation (P ≤ 0.05) by Duncan's New Multiple Range test (DMRT) using SAS ® ver. 6.12 (SAS Institute, Cary, NC, USA), following Westfall et al. (1999) . TC-1 and VW could effectively form PLBs while TC-2 and 1/2 MS formed callus effectively. Consequently TC-1 was named as TC PLB while TC-2 was named as TC CALLUS . This indicates that high concentrations of macronutrients together with KIN stimulate PLBs while low levels of macronutrients with TDZ stimulate callus (Tab. 2, 3 and Fig. 1) .
In hybrid Cymbidium, a total of 14 basal media were tested for their ability to promote organogenesis from PLBs (Teixeira da Silva et al., 2005) . The proliferation (Huan et al., 2004) . Namely, VW medium and similar media with weak concentrations of macro-and micro-nutrients (TC-1 or TC PLB in this study), were necessary for PLB induction and formation while higher levels of these nutrients were required for callus formation, namely MS, 1/2MS and TC-2 (i.e., TC CALLUS ). Winarto et al. (2011) developed, though extensive media testing, a new medium, Winarto-Teixeira (WT) medium, for Anthurium. Several studies, including this study, have indicated that basal medium is key to the success of a tissue culture protocol. For example, MS medium was a sine qua non basal medium for lily (Lilium longiflorum) (Nhut et al., 2002) and strawberry (Fragaria × ananassa) (Sutan et al., 2010) .
